Research Article 




IJCRR 

Section: General 
Science 
Sci. Journal 
Impact Factor 
4.016 
ICV: 71.54 


New Intuitionistic Fuzzy Similarity 
Measures and Application to Pattern 
Recognition 

Anshu Ohlan 

Department of Mathematics, All lndiajat Heroes Memorial College, Rolitak-i 24001, Haryana, India. 


ABSTRACT 


Aim: The aim of the paper is to introduce three new intuitionistic fuzzy similarity measures. Methodology: To achieve the goal of 
this paper, an exponential methodology is used with three different functions. The important properties of the proposed meas¬ 
ures are discussed axiomatically. 

Results: The applicability and efficiency of these new similarity measures in pattern recognition are demonstrated with illustra¬ 
tive examples. It is shown that the proposed measures are efficient, reasonable and simpler than the existing measures. 

Conclusion: The proposed intuitionistic fuzzy similarity measures are consistent for the application point of view in the context 
of pattern recognition 
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INTRODUCTION 

The notion of fuzzy set introduced by Zadeh [1] has ac¬ 
knowledged a central attention from researchers for its use¬ 
ful applications in various fields such as pattern recognition, 
image processing, speech recognition, bioinformatics, fuzzy 
aircraft control, feature selection, decision making, etc. Za¬ 
deh [2] presented the concept of entropy, as a measure of 
uncertainty. In 1972, De Luca and Termini [3] introduced 
an axiomatic structure of fuzzy entropy measure based on 
Shannon [4] entropy. In the past decades, literature on fuzzy 
and intuitionistic fuzzy measures of information and their 
generalizations are significantly extended by the different 
researchers [5-23]. 

The idea of Atanassov’s intuitionistic fuzzy sets (IFSs) was 
first invented by Atanassov [24-27] which found to be well 
suited to deal with both fuzziness and lack of knowledge or 
non-specificity. It is noticed that the concept of an IFS is the 
best alternative approach to define a fuzzy set (FS) in cases 
where existing information is not enough for the definition 
of imprecise concepts by mean of a conventional FS. There¬ 
fore, the concept of Atanassov IFSs is the generalization of 
the concept of FSs. In 1993, Gau and Buehrer [28] initiated 


the concept of vague sets. But, Bustince and Burillo [29] 
presented that the idea of vague sets was the same to that of 
Atanassov IFSs. As a very significant content in intuition¬ 
istic fuzzy mathematics, the study on the similarity meas¬ 
ure between IFSs has established more attention in recent 
years. Similarity measure between IFSs has been extended 
by many researchers in last decades. Initially, Dengfeng and 
Chuntian [30] presented the axiomatic definition of similar¬ 
ity measures between IFSs A and B given by 


/G(*;)+ 1 -v 4 (;<v)'] fju B (x i )+l-VgiXi) 


S d {A,B) = 1-1 


Liang and Shi [31] revealed some counter-intuitive cases re¬ 
sulting from the measures provided by Dengfeng and Chun¬ 
tian [30] and then presented a number of similarity measures 
to overcome those cases are as 


(i) 


S p e (A,B) = 1 - 


1 


X(^ t ( x i) + A( x i)) / 

i=l 
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i=\ 

n 


(iii) J Z (Vi ( x ;) + % (*«■ ) + % ( x i ) Y 

W 5) = 1 --- 

Hung and Yang [32] implemented the Hausdorff distance for 
developing similarity measure between intuitionistic fuzzy 
sets. Thereafter, many researchers [33-43], provided the def¬ 
initions of similarity measures between IFSs. 

Although there exist several similarity measures of between 
IFSs, it is expected to have efficient similarity measures 
which deal with the aspect of uncertainty, that is, fuzziness 
and non specificity or lack of knowledge and also deals with 
the real world problems. Briefly motivated by the above 
mentioned work, in this paper, we relate the exponential ap¬ 
proach on IFSs and propose three similarity measures be¬ 
tween two IFSs. 

The rest of the paper is organized as follows. Methodology 
section is devoted to review briefly some well-known con¬ 
cepts related to fuzzy set theory and intuitionistic fuzzy set 
theory. In results section we introduce three new similarity 
measure between IFSs with the proof of their validity. The 
application of the proposed similarity measures in pattern 
recognition is presented in discussion section. Final section 
concludes the paper. 

METHODOLOGY 

We begin by reviewing some well-known concepts related to 
fuzzy set theory and intuitionistic fuzzy set theory. 

Definition 1. Fuzzy Set (FS) [1]: A fuzzy set A' defined on 
a finite universe of discourse X = (x l ,x 2 ,...,x n ) is given as: 

A' = {{x,ju A ,(x))/xeX} (1) 

where ju 4 , :X—>[0,1] is the membership function of A'. 
The membership value jU 4 ,(x) describes the degree of the 
belongingness of X G J in A' . When jU A (x) is valued in 
{0, 1}, it is the characteristic function of a crisp i.e., non- 
fuzzy set. 


0 < ju A + v A < 1 \/Xj e X ■ 

The numbers //,(x ; ),v\|(x ; ) e [0.11 denote the degree of 
membership and non-membership of Xj toX, respectively. 

For each intuitionistic fuzzy set in x we will call 
7i A (x l )= 1-/^0-)- v A (x i ), the intuitionistic index or de¬ 
gree of hesitation of Xj in A ■ It is obvious that 0 < n A (x i ) < 1 
for each x e x- For a fuzzy set X in X, n A (Xj) = 0 when 
v A (x i ) = 1-jU A (x t ) . Thus, FSs are the special cases of IFSs. 

Atanassov [26] further defined set operations on intuitionis¬ 
tic fuzzy sets as follows: 

Let A, B e IFS(X) given by 

A = {{ x i > Ma O i ). Va ( x i ))/• x i e . 

B = {( x i » Mb ( x i )» (Xj))/Xj e X}, 

(i) A^B iff /J. A { X j) < fX B (Xj) and V A (x t ) > v B (x f ) 

A = B ■ 

(ii) A = B iff Ac:B and B c; A . 

(iii) A c = {(x i ,v A (x i ),/J A (x i )}/x [ e X} . 

( iv ) AnB = {(x h mm(/J A (x i ),fJB(x i )lmax(v A (x i ),VB(x i )))/xi eXj • 
(y) AtxB- {{*,■,min (/u A (x t ), /J B (x t )),max(v^ (x t ), v B (x t »)/w f el}. 

Hung and Yang [32], Tan and Chen [44] and Chen and Chang 
[45] adopt the following properties for the validity of a meas¬ 
ure to be an intuitionistic fuzzy similarity measure as: 

(i) 0<S(A,3)<1 

(ii) A — B if and only if A = B . 

(iii) S(A,3) = S(3,A) 

(iv) If fcScC, S(A,C)<S(A,3) 

Then S(A, C)<S(A,B) and S(A, C) < S(B, C). 

RESULTS 

It is well known that distance and similarity measure are 
dual concepts. Therefore, we may use the distance measure 
Df FS (A,B) introduced by Ohlan [6] to propose the new simi¬ 
larity measures as 

S E (A,B) = \-Df FS {A,B) (3) 


(ii) 




Definition 2. Intuitionistic Fuzzy Set (IFS) [24-27]: An Atan¬ 
assov intuitionistic fuzzy set (IFS) x = (x l ,x 2 ,...,x n on a finite 
universe of discourse X = (x p x 2 ,...,xj is defined as 

A={{x,h a {x),v a (x))/x&x) (2) 

where /i A : X —> [0,1] , v A : X [0,1] with the condition 


where 


Df FS (A,B) 


2-1 


( ft a (*,-) - Mb ( xi ))- Lx (*;) ~ Vb (*,■)) 


- 1 + 


(UaIxA- Mb ( X )) ~ O’x (Xj)~ v B ( J /)) 


[ (/Cl (Xj )-Mb (Xj ))-(''A (Xj )-V B (Xj )) ) 


I (Va (Xj y-VB (Xj ))-(fA (Xj )-Fb (Xj)) ) 
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Thus we may define one of similarity measure between IFSs 
A and B using the exponential operation as follows: 


e - D ?Fs ( A ’ 5 ) 

S e (A,B) = -——- (4) 

l-e 

On the other hand we may define one more new similarity 
measure as: 


S C (A,B) 


l-Df FS (A,B) 

1 + dFfs(A,B) 


(5) 


Theorem 1. The defined measures (3)-(5) between IFSs B 
and B are valid measures of similarity between intuitionis¬ 
tic fuzzy sets : 


Proof: Let us assume / be a monotonic decreasing function 
and since 0 < Df FS (A, B)< l, 


/?={(*!, 1 -0,0.0), 02,0.8,0.0), 03,0.7,0.1)}, 
P 2 = {Oi, 0.8,0.1), O 2 ,1 -0,0.0), O 3 ,0.9,0.0)}, 
P 3 = {Oi, 0.6,0.2), 0 2 ,0.8,0.0), O 3 ,1 -0,0.0)}, 
where for i = 1,2,3 

Q = {Oi, 0.5,0.3), 0 2 ,0.6,0.2), (x 3 ,0.8,0.1)}- 

we have an unknown pattern Q , represented by IFS 


Q = (Oi,0.5,0.3),O 2 ,0.6,0.2),(x 3 ,0.8,0.1)}, 

our aim here is to classify Q to one of the classes 

Cj, C 2 andC 3 . In order to proceed we use the criteria 

£* = arg max {S (P k , 0)} > 
k 


consequently, we have f(i)<f(D? FS (A,B))<f(0) and all the other 
properties will also hold for a monotonic decreasing func¬ 
tion. 

Now we have to select a useful and reasonable / for each 
case. 

(i) Let us first assume /as f( x ) = l -x , then the simi¬ 
larity measure S E (A,B) = l-Df FS (A,B) defined in (3) 
is well-defined and also satisfies all the properties of 
a valid measure of similarity between IFSs given in 
methodology section. 

(ii) Now we choose the exponential function / (x) = e x . from 

which we can say that the measure (4), /M = -] + is 
well-defined in view of definition provided above. 

(iii) On the other hand, if we choose the function f as 
f(x) - 1 , for which the similarity measure (5) 

1 + X ^ 

S (A, B) = - 1 —defined in view of defini- 

1 + D? fs (A,B) 

tion already given in methodology section. 

Hence, in view of definition of Hung and Yang [32], Tan 
and Chen [44] and Chen and Chang [45] provided above in 
Methodology section, the three intuitionistic fuzzy similarity 
measures (3)-(5) are valid measures of similarity measures. 

DISCUSSION 

We now demonstrate the efficiency of proposed three intui¬ 
tionistic fuzzy similarity measures in Pattern Recognition by 
considering the example of Liu [37], Vlachos and Sergiadis 
[46], Yen [42] and Farhadinia [47]. 

Example 1 

Let X = {x 1 ,x 2 ,x 3 j and three known patterns Fj, P 2 and 
IX which have classifications C,, C 2 and C 3 respectively are 
represented by the following IFSs, 


Table 1: The Computed Values of Three New Intui¬ 
tionistic Fuzzy Similarity Measures 


Q 

Pi 

P2 

P3 

s E ( p hQ) 

0.7906 

0.8345 

0.9269 

S e (P n Q) 

O.7OII 

0.7587 

0.8885 

S C (P,,Q ) 

0.6537 

0.7160 

0.8638 


From the calculated numerical values of different proposed 
intuitionistic fuzzy similarity measures from (3) - (5) given 
in Table 1, it is observed that the pattern Q should be clas¬ 
sified to C 3 . The results are exactly matching with that ob¬ 
tained in Liu [37], Yen [42] and Farhadinia [47]. 

Example 2 

Given three known patterns F \, P 2 and IX which have clas¬ 
sifications C,, C 2 and C 3 respectively. These are repre¬ 
sented by the following IFSs in the universe of discourse 

X = {x u x 2 ,x 3 } ■ 

Pi ={(*!, 0.2,0.5), (x 2 ,0.5,0.4), (x 3 ,0.2,0.4)}, 
P 3 ={(x 1 ,0.1,0.4),(x 2 ,0.3,0.5),(x 3 ,0.7,0.1)}, 

P 3 = {(xj ,0.1,0.4), (x 2 ,0.3,0.5), (x 3 ,0.7,0.1)} , 
where for i = 1,2,3 

Pi = { (*1, Mp, (Xl ),Vp.(x{^,(x 2 , IU Pj (x 2 ), Vp. (x 2 )j, (x 3 , Up. (x 3 ), Vp. (v 3 ))} • 

we have an unknown pattern Q , represented by IFS 

Q = {(xj,0.4,0.5),(x 2 ,0.3,0.2),(x 3 ,0.6,0.3)} , 
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our aim is to classify Q to one of the classes C,, C 2 
and C 3 . In order to proceed we use the criteria 
k* = argmax{S(P k ,Q)}, 


Table 2: Different Values of Three New Intuitionistic 
Fuzzy Similarity Measures 


Q 

Pi 

P3 

P, 

s E {Pi,Q) 

0.8537 

0.8994 

0.8896 

s e (Pi,Q ) 

0.7847 

0.8486 

0.8346 

S c (Pi,Q) 

0-7447 

0.8172 

0.8012 


From the computed numerical values of different proposed 
intuitionistic fuzzy similarity measures from (3) - (5) given 
in Table 2, it is observed that the pattern Q should be classi¬ 
fied to Cj . Thus, the proposed intuitionistic fuzzy similarity 
measures are consistent for the application point of view in 
the context of pattern recognition. 

CONCLUSION 

Despite the fact that many similarity measures between IFSs 
have been developed in past years, still there is a good scope 
that the better similarity measures can be developed, which 
will have useful applications in the variety of fields. In this 
paper, we have proposed three new information-theoretic 
similarity measures for IFSs with the proof of their valid¬ 
ity. The efficiency and consistency of these new similarity 
measures in the context of pattern recognition are presented 
with help of examples. 
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